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A battery-less energy harvesting interface circuit to extract electrical energy 
from vibration has been proposed in this paper for low power applications. 
The voltage doubler integrated with DC - DC boost converter circuits were 
designed and simulated using MultiSIM software. The circuit was then 
fabricated onto a printed circuit board (PCB), using standard fabrication 
process. The Cockcroft Walton doubler was chosen to be implemented in this 
study by utilizing diode-capacitor topologies with additional RC low pass 
filter. The DC - DC boost converter has been designed using a CMOS step - 
up DC - DC switching regulators, which are suitable for low input voltage 
system. The achievement of this interface circuit was able to boost up the 
maximum voltage of 5 V for input voltage of 800 mV. 
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1. INTRODUCTION 

Power consumption is a key limitation in many state of the art electronic systems today, varying 
from mobile telecommunication to laptop and desktop computers. It also has a huge influence towards the 
evolving applications like ambient intelligence and sensor networks, some of which are powered separately 
and wirelessly. As the result, new design techniques and system are created to control and limit power 
consumption [1]. 

Energy harvesting is the process where battery replacement is impossible or the location is not 
favorable, such as embedded sensors in buildings, medical implants and remote sensors. In a general energy 
harvesting system, there must be a transducer that harvests energy and converts it into electrical power [2]. 
The transducer can be an antenna, a piezoelectric device, a solar cell, a fuel cell, a wind turbine, and many 
other forms. Some of the most popular energy extraction used in electronic devices today is vibrant, radio 
frequency (RF) and thermal energy extraction. A research studied presents power management techniques 
that enable some of the most efficient power conversion circuits published to date [3]. 

The vibration energy harvesting operation starts with extracting mechanical vibration energy from 
the environment and rectifying the alternating current (AC) voltage produced and converting it into a direct 
current (DC) voltage. There are three types of vibration to electrical energy conversion including 
electromagnetic, piezoelectric and electrostatic but piezoelectric is the most highlighted [4]. Piezoelectric 
materials are materials that can transform mechanical energy into electrical energy and vice versa. When the 
material is subjected to vibration there is a potential difference between its terminals, which can be stored and 
then used [5]. 
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The electrical energy from a piezoelectric transducer coupled to a vibration system is usually very 
low, depending on load and in AC, which makes the energy storage in capacitors or batteries impossible. 
Therefore, it is necessary to develop an interface circuit that makes the conversion to DC with low 
consumption and reduced losses. There are now plenty of research on methods of gaining higher voltage 
output for energy harvesting projects. There are step-up transformer, voltage multiplier circuit and boost 
converters. These methods are ideal for many applications. Though, this study is focused on using diode- 
capacitor topologies. The AC voltage is converted to DC, double and then being rectified. This design 
proposed for the AC voltage of the piezoelectric transducer to enter the voltage doubler circuit, then to the 
boost rectifier before being stored for the temporary storage device such as supercapacitor. 

In this study, the design and development of voltage doubler AC/DC converter for low power 
energy harvesting applications was reported. The DC - DC boost converter was also developed to step-up the 
voltage received by the voltage doubler. This energy is stored in an energy storage circuit. The interface 
circuit was simulated using MultiSIM software and the characterization was carried out in order to check the 
capability of the circuit to work as energy harvesting circuit 


2. RESEARCH METHOD 

The voltage doubler is an electrical circuit that converts AC electrical power from a lower voltage to 
a higher DC voltage. This circuit will receive the output from the energy harvesting unit and converts it from 
AC to DC while increasing its voltage to a higher level. The output of the voltage doubler is then boosted up 
to a higher level via DC - DC Boost Converter. In this study, the piezoelectric generator was used as an 
energy harvesting unit to be connected to the interface circuit. Then, the voltage is converted via the voltage 
doubler, AC to DC. The output voltage from the voltage doubler will be increased using DC - DC boost 
converter. 
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Figure 1. (a) Schematic and (b) PCB of voltage doubler circuit with low-pass filter 


In standard applications, a piezoelectric generator usually has a very low output of roughly 800 mV. 
With the implementation of voltage doubler, the voltage source from any generator producing AC source like 
the piezoelectric can be rectified to DC output with a slight increase in voltage. Figure 1 shows the schematic 
and printed circuit board (PCB) circuit of the voltage doubler including low-pass filter. The voltage doubler 
was constructed using two diodes and two capacitors. The low-pass filter uses a resistor and a capacitor. The 
voltage doubler converts the AC input voltage into a higher DC output during both positive and negative half 
cycle. In the negative half cycle of the sinusoidal input waveform, diode, Dj is in forward biased condition 
and allows the capacitor, C 7 to charge up to the peak value of the input voltage, V in and stores the charges and 
remains fully charged. In the positive half cycle condition, diode D 7 is reverse biased disallowing capacitor, 
C 7 to discharge. At the same time, diode, D 2 is forward biased and causing capacitor, C 2 to charge up. Due to 
the prior charged capacitor, C 7 storing V im it causes the capacitor, C 2 to charge twice the amount of V in of the 
input voltage. Then, the voltage across capacitor C 2 can be calculated as, V out = 2 V in , where V in is the peak 
value of the input voltage [6]. 
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Figure 2 shows the schematic and PCB circuit of the DC - DC boost converter circuit. The 
operation of the boost converter is relatively straightforward. When the switch is in the ON position, the 
inductor, L 2 output is connected to ground and the voltage, V in from V 2 is placed across it. The inductor 
current increases at a rate equal to V in / L. When the switch is placed in the OFF position, the voltage across 
the inductor changes and is equal to V out - V in . Current flow in the inductor decays at a rate equal to ( V out - 
V in ) / L [7]. The voltage doubler circuit and the DC - DC Boost converter circuit is combined onto a single 
PCB as shown in Figure 3. The output voltage and current were measured and recorded. 




Figure 2. (a) Schematic and (b) PCB of DC - DC boost converter circuit 



Figure 3. PCB layout of energy harvesting circuit 


4. RESULTS AND ANALYSIS 

The piezoelectric generator used in this study can produce a sinusoidal AC voltage up to 800 mV 
amplitude and vibration frequency of 1 kHz. The input waveform has confirmed in AC of 1.78 V rms as shown 
in Figure 4. The voltage doubler used in this project has the ability to change the voltage from AC to DC 
while slightly increasing the voltage output. 

Figure 5 shows the measurement result of voltage doubler circuit. The output voltage of 3.11 V rms 
was measured. The output waveform was confirmed in DC form. The oscilloscope is then connected to the 
DC - DC boost converter circuit. The DC-DC boost converter was used in order to significantly increase the 
output voltage of the voltage doubler circuit while maintaining the voltage in DC form. The measured result 
of 5 V was obtained as shown in Figure 6. The output waveform is in DC with current value of 200 mA was 
measured using light emitting diode (LED) as a load. 
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Figure 5: Output waveform of voltage doubler circuit 


Figure 6. Output waveform of DC - DC Boost 
converter circuit 


Table 1 summarizes the simulation and measurement results of the interface circuit. The efficiency 
of the interface circuit was calculated to be 91.8 %. The output value for the voltage doubler between the 
simulation and measurement had slightly different due to the losses of voltage. This output is then connected 
become the input for DC-DC converter and it output is 5 V same as the expected output. The output 
waveform is in DC with current value of 200 mA. The expected value and the measurement value are equal. 

Table 2 shows the comparison between this study and previous study. The highest output voltage 
and efficiency was achieved compared to the other research. The input voltage for proposed design is low, 
but it can boost up the voltage up to 5 V. The proposed design was using the simplest circuit design to 
convert the AC-DC voltage with highest input voltage for DC-DC converter of 3.11 V was measured. 
Although the proposed design also used the voltage doubler circuit in order to convert the AC-DC voltage, 
but with some modification made, the highest output voltage of 5 V was achieved. 


Table 1. Simulation and experimental results of the interface circuit 


Circuit 

v in 

Simulation 

v out 

lout 

V in 

Experimental 

V out 

lout 

Voltage 

Doubler 

1-78 V rms 

3.60 V 

300 mA 

1.78 V™. 

3.11 V 

350 mA 

DC-DC 

Converter 

3.60 V 

5.00 V 

200 mA 

3.11 V 

5.00 V 

200 mA 

Efficiency 


92.6 % 



91.8% 


Table 2. Comparison between previous study and this study 

Harvesting Model 



Input Voltage 
(Vi„) 

Output 
Voltage 
( V out ) 

Output Power 

(Pont ) 

n t %) 

AC-DC rectifier, voltage regulator and DC- 
converter [8] 

DC 

0.3 AC 

1.67 V 

- 

80% 

Voltage doubler and two buck boots converter [9] 

0.54 AC 

3.40 V 

54 mW 

- 

Voltage doubler and bridgeless rectifier [4] 


1.9 V rms 

3.00 V 

90 mW 

71 % 

This study 



0.8 V rms 

5.00 V 

100 mW 

91.8% 
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5. CONCLUSION 

The interface circuit for piezoelectric energy harvesting has been presented in this paper. The 
voltage doubler used the Cockroft Walton doubler topology were successfully converted the AC input into 
higher DC output. The DC - DC converter used CMOS step-up DC - DC switching regulators effectively 
boosted the input of the Cockroft Walton doubler circuit to 5 V. The conversion efficiency is calculated to be 
91.8 %. The proposed interface circuit can be used to power up devices that are compatible with the output of 
the interface circuit. Future work includes optimization of the rectifying circuit to operate more efficiently 
can be made. 
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